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A B S T R A C T   
Groundwater is one of the cleanest natural sources of drinking water available, which, at the same time, often 
requires deironing – removal of the dissolved iron ions – before the water could be used. In this paper, there are 
describe the preparation, characterization, and deironing properties of surface-modified refractory chamotte 
granules, used as active components of fillers for deironing filters. For this research, chamotte surface modifi-
cation was made by solution combustion synthesis (SCS) approach of an aqueous solution of synthetic iron ni-
trate and citric acid with the different iron-to-chamotte ratios. An iron-rich precipitate from deironing filters was 
used as a source of iron for the preparation of a precursor solution. Obtained materials were characterized using 
diffraction, spectroscopic and microscopic methods. The SCS modification resulted in the formation of layers of 
hematite Fe3O4 nanocrystallites of ~5–15 nm on the surface of refractory chamotte granules. It was shown the 
effect of the dose of iron nitrate on the absorbed iron oxide species content on the surface of the modified 
chamotte granules and its influence on the surface and operational characteristics. Pilot-plant deironing tests 
showed that an increase in the concentration of iron on the chamotte granules surface from 5.8 wt% for un-
modified samples, to 19.0, 48.7, and 55.8 wt% for the modified ones, led to the respective increase in the 
deironing efficiency from 41% to 65%, 73% and 78%, respectively.   
1. Introduction 
Groundwater is one of the cleanest natural sources of drinking water 
available [1]. At the same time, underground water sources are often 
characterized by containing high levels of iron and manganese ions and, 
in some regions, by other elements, which could cause diseases, decrease 
the quality of life and life expectancy. For instance, the Fe2+ content in 
underground water could reach 40 mg/L and even higher as in accor-
dance with the requirements of the World Health Organization (WHO) 
the permissible content of iron in drinking water is 0.2 mg/L (0.3 mg/L 
in some countries). Such water requires purification before it could be 
safely used. Purification of underground water from Fe2+ (deironing) is 
carried out by oxidation of dissolved Fe2+ ions into Fe3+, which in form 
of FeOOH could be easily extracted [2]. In most cases, the deironing 
process is carried out using deironing filters, filled with granulated 
quartz sand, different types of coals, granite crumbs, and others [2]. The 
efficiency of the deironing could also be increased by surface modifi-
cation of the fillers. Several papers are reporting different modified [3] 
and synthesized materials [4] for efficient water purification. Modified 
catalytic granular filters containing Fe3+ (for methylene blue [5], 
phosphates [6] removal, drinking water treatment [7], as a catalyst for 
wastewater treatment [8]) and Mn4+ (for soluble manganese [9], 
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manganese, and iron [10] removal and drinking water treatment [11]) 
in some form, are among the most efficient. In these cases, the modifiers 
play the role of oxidation activation centers for Fe2+→Fe3+ trans-
formation and significantly increase deironing efficiency in comparison 
with the unmodified analogs. It is equally important to create modified 
layers on the surface of inert filter material that are mechanically stable 
enough and do not undergo noticeable leaching of iron or manganese 
ions in the range of pH 6–9 in treated water [12]. The most commonly 
used method for fillers’ surface modification by iron oxide is the soaking 
of the modified material in solutions of metal salts, followed by their 
drying and calcination within a long time [13,14]. This approach is very 
energy- and time-consuming. The solution combustion synthesis (SCS) 
approach considers as a more efficient and fast alternative. The SCS is 
based on a combination of homogeneous mixing of initial components in 
an aqueous solution and their self-propagate combustion in a 
high-exothermic redox reaction. In this case, after reaction initiation 
(usually at 150–300 ◦C, depending on the reacting system) due to the 
exothermic effect the local temperature of the system dramatically in-
creases. This leads to a very fast components decomposition and phase 
formation. Such materials are characterized by fine crystallinity and 
developed, sponge-like microstructure with a high value of a surface 
area. The whole combustion synthesis process including heating, reac-
tion, and cooling down takes from several seconds to 10 min, depending 
on reacting system [15,16]. Besides energy efficiency of the highly 
exothermic combustion reaction, the method has several other advan-
tages, including very fast precursors preparation and final phase syn-
thesis, low cost and availability of required chemicals (metal nitrates 
and organic fuels like citric acid and glycine), repeatability, and high 
adaptiveness for the synthesis of a broad variety of nanomaterials. The 
method was previously used for the synthesis of different types of 
nanomaterials, including catalytic surface modifiers for water purifica-
tion: anthracite [17], activated carbon [12,18]. 
The accumulated in filters iron-rich sediments (up to 60 wt% of iron), 
removed from the water, could be collected during the regeneration of 
the filters [3,17]. These iron species are predominantly presented by 
hydroxides [17]. Besides, sediments contain some other oxides like sil-
ica, manganese oxide, alumina, etc., the presence of which depends on 
the composition of the rocks of the aquifer. Currently, iron-containing 
sediments are practically not used. The main directions of their appli-
cation are drying and/or calcination and further use as pigments or 
iron-containing raw materials [9]. However, recently it was proposed 
[3] to use the sediments as an iron source for modification of different 
coals for water treatment purposes. This requires special conditions of 
precursors preparation and synthesis procedure, which could be reached 
in the SCS process. 
Our research aimed to obtain new effective modified catalytic ma-
terials having several advantages such as high catalytic activity for 
oxidizing iron from Fe2+ to Fe3+, ease to manufacture, and low cost, 
through the use of wastes and a new synthesis approach. Refractory 
chamotte was selected as chemically stable, cheap, and available ma-
terial for modification. A combination of advantages of the SCS method 
with the use of wastes (sediments, obtained during water deironing) as 
raw materials, will help to develop time and cost-efficient technology for 
the creation of efficient water deironing filters with a high degree of 
recycling of secondary resources. 
2. Materials and methods 
2.1. Materials and reagents 
Aluminosilicate refractory chamotte with granules of about 3–5 mm 
in diameter was used as the main component of filter load and matrix for 
surface modification. The composition of the refractory chamotte cor-
responds to [19] with Al2O3 and SiO2 as main phases (up to 100%), and 
traces of Fe2O3, MgO, and others. 
Iron-containing sediment, formed in the cleaning process of washing 
water from deironing filters, was used for preparation of synthetic iron 
nitrate (SIN) precursor according to the methodology, described in [17], 
and mainly consists of leaching of iron by small excess of nitric acid for 
30 min with a constant mechanical stirring. 
The main reactions that occur during the leaching of iron-containing 
sediment with nitric acid [9] could be described by Eqs. (1–4):  
FeOOH + 3HNO3 → Fe(NO3)3 + 2H2O                                             (1)  
MnO2 + 4HNO3 → Mn(NO3)4 + 2H2O                                              (2)  
Mg(OH)2 + 2HNO3 → Mg(NO3)2 + 2H2O                                         (3)  
CaCO3 + 2HNO3 → Ca(NO3)2 + H2O + CO2                                     (4) 
Al2O3 component does not react with nitric acid under the selected 
leaching conditions. 
The obtained solution was filtered at least three times to remove 
unsoluble sediment. The iron nitrate concentration in obtained solution 
was measured using atomic absorption spectroscopy ContrAA 300 
(Germany) in the flame mode. The final composition of the leached 
solution was determined by EDX analysis of dried and calcined at 600 ◦C 
residual solid sediments. The average elemental composition of calci-
nated powder included (wt%): iron – 64.6 ± 3.1, manganese – 1.7 ± 0.4, 
aluminum – 0.6 ± 0.3, oxygen – 27.3 ± 2.8, calcium – 5.1 ± 1.3, 
phosphorous – 0.7 ± 0.3. At the same time the leach residue contains (wt 
%): Si – 55.25, О – 39.7, Fe – 1.46, Al – 0.85, Ca – 1.27. This gives the 
final Fe(NO3)3 content of 208 g/L. The reported concentration of iron in 
solution is based on the average concentration of three independent 
replicate measurements. For further synthesis, the initial SIN solution 
was diluted to the 25 g/L of Fe(NO3)3. 
2.2. Synthesis procedure 
The synthesis of the catalytic coating on the surface of refractory 
chamotte was performed by the SCS method in aqueous solutions using 
mixtures of SIN as oxidizer, and citric acid as organic fuel (reducer) 
according to the Eq. (5):  
6Fe(NO3)3 + 5C6H8O7 → 3Fe2O3 + 30CO2↑ + 9N2↑ + 20 H2O↑⋅          (5) 
The total oxidizer to reducer molar ratio φ was kept equal to 1.5. In 
this case, combustion requires excessive oxygen from the air. 
The simplified scheme of the synthesis procedure of catalytic coating 
is shown in Fig. 1. 
In the typical synthesis required mass of citric acid was mixed with 
an appropriate volume of SIN solution and the mixture additionally 
dissolved in distilled water if necessary with a final iron nitrate con-
centration of 25 g/L. The refractory chamotte was poured with the 
prepared working solution in a heat-resistant glass. Experimental sam-
ples with three different compositions of the modified refractory cha-
motte were made with a dose of iron nitrate in a solution of 0.025 g 
(sample RC25), 0.050 g (sample RC50), and 0.075 g (sample RC75) of 
CIN per 1 g of refractory chamotte, respectively. Also, unmodified re-
fractory chamotte filter (sample RC) was used as a blank sample. The 
SCS reaction was carried out in a preheated muffle furnace at a tem-
perature of 600 ◦C within 15 min. The choice of the synthesis temper-
ature was based on the requirement of complete burnout of citric acid 
and products of its decomposition from filter surface [20], which could 
reduce deironing efficiency. After that, the modified chamotte samples 
were air-cooled and sifted under running water using a sieve with a 
mesh size of 1 mm to remove iron oxide species, which were not fixed to 
the surface of the granules. 
2.3. Materials characterization 
Morphology and elemental composition of the samples’ surface were 
studied by tabletop scanning electron microscope (SEM) with 
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backscattered electron analysis (Hitachi TM-1000) coupled to energy X- 
ray dispersive spectroscopy (EDS). Samples of SCS obtained iron oxide 
powder were examined by transmission electron microscopy (TEM) with 
a JEM-2100F instrument. The preparation of the NPs samples for TEM 
analysis included the preparation of a suspension of particles in ethanol, 
ultrasonic treatment for 10 min, and centrifugation for 5 min at 
5000 rpm. A drop from the supernatant was then pipetted on the TEM 
copper grid covered with carbon and dried at ambient conditions. Image 
processing and particle size distribution calculations were performed by 
the ImageJ software. The phase composition of the modified chamotte 
along with catalytic layers was determined using X-ray diffraction 
analysis with a Panalytical X′PERT PRO diffractometer (Netherlands) 
(wavelength Cu Kα (1.5405A) and software Philips X′PERT suite). The 
reference data for XRD analysis were taken from the PDF2 database. 
Operational characteristics of granular filter media (refractory cha-
motte), such as hydraulic size (settling velocity of the particles in water 
in mm/s), bulk density [21], natural slope angle – the angle between an 
unattached slope of a granulated material during a steady-state or be-
tween the inclination of the surface of a freely poured granulated ma-
terial and the horizontal plane – were determined for at least 2 sets of 
granules for each sample. The hydraulic size of the granules was studied 
according to [20] by measuring the settling time of the material granule 
in a 2 m water layer. At least 20 granules from each sample were 
selected for the experiments. 
2.4. Deironing of underground water 
The deironing experiments were conducted using a pilot-plant 
installation. The experimental installation for the deironing experi-
ments consists of four columns with a diameter of 50 mm and a height of 
1.7 m. The height of the layers of the investigated modified refractory 
chamotte was 0.5 m (as a catalytic layer) and 1.0 m of quartz sand with a 
granular size up to 2 mm (as a filter layer). The feed water was supplied 
from the wells, followed by aeration with air by a micro compressor in 
the 20 L tank. The average mineral composition and characteristics of 
underground water used in the experiment are iron — up to 3.4 mg/L, 
free carbon dioxide — 13.2–15.5 mg/L, permanganate oxidizability — 
up to 4.5 mgO/L, calcium — 3.6–3.9 mEq/L, magnesium — 
0.5–0.9 mEq/L, sulfates — 3.5–11.5 mg/L, phosphates — not detected, 
total mineralization — up to 800 mg/L, carbonate hardness — 
4.2–4.8 mg-eq/L, total hardness — 4.2–4.9 mEq/L, pH — 7.0–8.0, redox 
potential — 0.15–0.25 V. The underground water corresponds to 
drinking water by all parameters except for the high iron content. The 
initial filtration rate was 12 m/h, as the most common value for gravity 
filters [2]. The water level in the tank was maintained above the cata-
lytic material up to 5 cm. The effectiveness of water deironing was 
measured in the first 250 mL portions of the filtrate to evaluate the ef-
ficiency of the catalytic layer. 
The determination of the concentration of total iron in treated un-
derground water in pilot-plant experiments was based on the interaction 
of oxidized iron and rhodanide in a strongly acidic environment forming 
a colored complex compound (the accuracy is 0.01 mg/L) [22]. The pH 
of filtered water was measured according to ISO 10523-2009 [23]. 
3. Results and discussion 
3.1. Materials characteristics 
Fig. 2 shows typical XRD patterns of the unmodified and modified 
chamotte granules. 
The analysis of the XRD data of the RC sample indicates the chamotte 
is a complex material with a combination of multiply phases, which are 
hard to indicate due to their similarity and relatively low signal in-
tensity. However, the same characteristic peaks of the main chamotte 
phases like SiAl2O5 and SiO2 could be found in XRD patterns of all 
samples and, therefore, excluded from further consideration for modi-
fied samples. The analysis of XRD patterns of the RC25, RC50, and RC75 
samples showed the formation of the rhombohedral hematite phase 
α-Fe2O3 on the surface of all chamotte granules. It should be noticed, the 
SCS modification of activated carbon and anthracite, described in the 
previous publications of the authors [12,17], resulted in the formation 
of the modified layers, consisted mostly of magnetite Fe3O4 phase. The 
difference could be related to the nature of the carbon-based matrixes, 
which could interact with iron oxide species during the combustion 
process and play the role of an additional outer reducer. 
The formation of iron oxide nanograins during the SCS process is 
confirmed by the result of calculated size distribution in separately ob-
tained SCS powder (Fig. 3a). It could be seen, that ~80% of all nano-
grains are in a size range from 5 to 12.5 nm. The measured D-spacing 
value of 0.208 nm shown on separate crystallite (Fig. 3b) assigned to the 
(113) plane of α-Fe2O3 and corresponds to the XRD peak at 40.9◦
Fig. 1. Simplified scheme of the synthesis procedure: (a) SIN precursor preparation and (b) chamotte modification.  
Fig. 2. XRD patterns of the RC, RC25, RC50, and RC75 samples.  
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(Fig. 3). 
The general optical images of the experimental samples (Fig. 4) show 
changes in surface characteristics of the chamotte granules after modi-
fication in comparison with the neat chamotte. 
From the images it could be seen, the color of chamotte changes from 
gray for unmodified RC granules (Fig. 4a), to brown, dark brown, and, 
finally, to red-brown for RC25 (Fig. 4b), RC50 (Fig. 4c), and RC75 
(Fig. 4d) samples, respectively. The change in color tone indicates the 
general increase in the amount of absorbed iron oxide species on the 
chamotte grains surface. The observation is confirmed by the results of 
the EDX analysis of the samples’ surface presented in Table 1. 
The EDX results show an iron content of 6.1% in a neat RC sample, 
which is common for natural alumosilicate clays [19], while the surface 
iron content in modified RC25, RC50, and RC75 samples gradually in-
crease to 19.5%, 49.1%, and 61.1%, respectively. 
Further analysis of microstructural features of the experimental 
samples was made via SEM (Fig. 5). 
Fig. 5a shows, that chamotte granules consist of agglomerates of 
dense sintered small grains with rough, embossed surfaces. The surface 
of the modified RC25 chamotte granules (Fig. 5b) looks more smoothed 
and even. The surface uniformity increases even higher for the RC50 
sample (Fig. 5c) where small chamotte grains are almost 
indistinguishable under iron oxide layers. In both cases, iron oxide 
species primarily accumulate in pores and cavities filling out them and 
smoothing the surface of the granule. At the same time, the visual 
roughness of the granules increases for the RC75 (Fig. 5d), where iron 
oxide species form unevenly distributed aggregates on the chamotte 
surface. We suppose the observed phenomenon could be explained by 
the influence of the difference in surface energy between concave 
(pores, cavities) and convex regions of the granule’s surface. It is known 
[23], the concave surface is characterized by higher free surface energy 
in comparison with flat or convex surfaces. In this case, the predominant 
adsorption of iron oxide species into pores is driven by the tendency to 
decrease surface energy and lead to surface smoothing. The proposed 
explanation could indirectly be confirmed by the results of the calcu-
lated relative increase of Fe concentration on the surface of the modified 
samples (Fig. 5e). It could be seen, the significant relative increase of the 
iron concentration on the surface of the RC25 samples in comparison 
with unmodified chamotte, where most of the iron oxide species adsorb 
on concave surfaces and fill out pores. The slight drop in the relative Fe 
concentration increase for the RC50 sample in comparison with the 
RC25 indicates a decrease in the value of free surface energy due to the 
smoothening relief of granules microstructure. In the case of the RC75 
sample, there is a significant drop in a gradient of Fe concentration in-
crease on the chamotte surface. The phenomenon indicates that iron 
oxide filled pores and the excessive modifier started to adsorb onto the 
surface of the already formed aglomerates of the modifier. This process 
is probably driven mostly by the local temperature gradients during the 
SCS reaction. The system is close to saturation – the maximal amount of 
Fig. 3. PSD (a) and TEM images (b) of synthesized iron oxide NPs.  
Fig. 4. The general optical images of morphologies of (a) RC, (b) RC25, (c), RC50 and (d) RC75 samples. (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.) 
Table 1 
The content of Al + Si and Fe atoms on the surface of the neat and modified 
refractory fireclay granules.  
Element Element content, wt% 
RC RC25 RC50 RC75 
Al + Si 93.9 ± 4.9 80.5 ± 1.8 50.9 ± 3.5 38.8 ± 4.9 
Fe 6.1 ± 4.2 19.5 ± 3.6 49.1 ± 4.8 61.1 ± 1.5  
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iron oxide species, which could potentially be adsorbed by the chamotte 
granules – and a further increase of concentration of iron nitrate in 
working solutions will not lead to a significant increase of the Fe con-
centration on the chamotte surface. Moreover, one could expect, such 
agglomerates are loose and weakly bounded, and could quite easily be 
mechanically removed from the surface during the working cycle of the 
fillers. 
In order to assess the impact of the surface modification on the 
performance characteristics (water flow rate and materials storage) of 
the samples as integral dynamic systems, the measurements of the hy-
draulic size, bulk density, and angle of natural slope values were carried 
out. The results are presented in Table 2. 
The data analysis shows the increase of the bulk density of the cha-
motte as the result of the modification. The bulk density values of the 
RC25, RC50, and RC75 samples are higher than the bulk density of RC 
on ~1%, 2%, and 2%, respectively. We suppose, this change is mostly 
related to the general smoothing of the granules’ surfaces, which was 
observed in SEM images (Fig. 5a–d). The more rounded form of the 
granules allows their denser packing. At the same time, there was 
observed an increase in the angle of the natural slope and a decrease in 
hydraulic size of the modified samples in comparison with neat cha-
motte. As the specific density of the individual granules could not 
significantly be changed in the modification process, both characteris-
tics are surface-related. Despite adsorbed iron species lead to filling out 
pores and general smoothing of the granules’ surface SCS modification 
could lead to a slight increase of the roughness, and micro- and nano-
porosity of individual granules’. This phenomenon could be related to 
the feature of the SCS process, where synthesized nanomaterials tend to 
form highly porous low-density aggregates [24]. Accumulation of such 
aggregates on the surface of granules leads to an increase of surface 
adhesion between granules and their hydrodynamic resistance. 
3.2. The effectiveness of iron removal from underground water 
Table 3 shows the results of the measured maximal gravity filtering 
speed of the neat and modified chamotte fillers in a pilot-plant 
installation. 
From the presented results it could be seen, the filtrating speed with 
using of modified samples decreases in comparison with neat chamotte 
on ~8%, 11%, and 13%, along with an increase in the modifier con-
centration. The observed change in the operating characteristic of the 
pilot-plant installation could be related to the increasing bulk density 
and hydraulic resistivity of the modified chamotte described earlier. 
However, the total change of maximum gravity filtering speed for all 
samples is less than the critical value of 15%, which means the use of 
modified chamotte does not require any significant change in a filtration 
and filter washing regimes of a filtration line. 
The initial aerated water, used in the experiment had a total iron 
content of 2.67–3.45 mg/L and pH of 7.1–7.4. As a result of filtration 
with RC, the residual iron content in the first portions of the filtrated 
water decreases to 1.26 mg/L (Fig. 6a). At the same time filtration with 
modified chamotte leads to even higher decrease in iron concentration 
to 0.75 mg/L (RC25), 0.58 mg/L (RC50), and 0.43 mg/L (RC75), 
respectively, which is ~1.5, ~2, and ~ 2.7 times lower than in the case 
of RC filter. The pH of filtered water shows a slight increase to 7.3–7.5 in 
all cases. The typical ripening curve of the full-scale filter shows similar 
results with the 3 times smaller sand granules and 2 times ticker cata-
lytic material layer load (0.5 m vs. 1.0 m) [25]. However, an average 
iron removal efficiency of modified RC75 materials in the first portion of 
filtrate is ~80%, which is higher than for iron coated send [26]. 
Furthermore, smaller granules of modified sand requires filter regener-
ation once a day and, accordingly, more fresh water for flushing, while 
regeneration frequency for modified chamotte is only once every 5–7 
days. At the same time, the filtering rate for modified chamotte is only 
35% lower. 
The modification of the chamotte surface leads to an increase of the 
iron removal efficiency up to 78% in comparison with unmodified RC. 
Due to the presence of iron oxides on the surface of modified chamotte, 
the oxidation of iron (II) occurs not only due to oxygen dissolved in 
Fig. 5. SEM images of (a) RC, (b) RC25, (c), RC50, and (d) RC75 samples and (e) relative change of EDX Fe concentration on the surface of the sample.  
Table 2 
The hydraulic size, bulk density, and angle of natural slope values of the 
samples.  
Characteristics RC RC25 RC50 RC75 
Bulk density, 
kg/m3 
1046 ± 5 1057 ± 7 1064 ± 1 1062 ± 9 
Hydraulic size, 
mm/s 
165.7 ± 32.8 158.3 ± 14.7 147.9 ± 22.7 151.2 ± 16.2 
Angle of natural 
slope, deg. 
30.8 ± 1.5 32.5 ± 1.2 33.8 ± 1.6 35.1 ± 0.8  
Table 3 
Maximal gravity filtering speed of the neat and modified chamotte fillers in a 
pilot-plant installation.  
Operation characteristic RC RC25 RC50 RC75 
Maximum gravity filtering 
speed, m/h 
86.2 ± 2.3 79.3 ± 3.1 76.8 ± 1.2 74.6 ± 2.9  
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water but also by the second, catalytic, mechanism [18]. In this case, the 
iron oxide species increases the sorption of oxygen and iron (II) ions on 
their surface and promotes Fe2+→Fe3+ transformation. However, 
despite the use of modified chamotte leads to a significant decrease in 
iron concentration after filtration, the final iron concentration is still 
higher than the required 0.3 mg/L in all cases. This means, reaching the 
required degree of deironing requires using a thicker layer of chamotte 
filter. 
The efficiency of SCS modification of RC for water deironing was 
assessed by comparison of the relative increase of efficiency of deironing 
of modified RC, anthracite, and carbon grains, prepared by the same 
method with the same concentration of iron nitrate in precursor solution 
[12,17] in comparison with corresponding unmodified materials 
(Fig. 6b). The data in Fig. 6b show, the very high influence of surface 
modification on deironing properties of chamotte in comparison with 
modification of anthracite and carbon grains. The efficiency of deironing 
of RC50 samples ~1.8 times exceeds the efficiency of neat RC, while the 
deironing efficiency of modified anthracite and carbon grains only ~1.2 
and ~1.1 times higher in comparison with their unmodified analogs, 
respectively. We suppose, such a difference is related to the fact, the 
anthracite and carbon grains with their high values of specific surface 
area are quite effective as deironing catalysts themselves, and able to 
remove most of the iron species even without modification [12,17]. At 
the same time, the surface area of the chamotte is significantly lower and 
determines their low catalytic efficiency. In this case, even a small 
amount of surface absorbed iron oxide as a result of the modification 
could significantly increase the deironing properties of the chamotte. 
Such materials could be effectively used as an alternative to anthracite 
and carbon grains for purification water on the condition of thicker 
filtrating layers or the same filtration load but for deironing of water 
with a lower Fe(II) concentration. After several cycles of regeneration, 
the iron content on the surface increased up to 5–7 wt% and remained at 
this average level. Since the measured Hydraulic size and Bulk density 
remained practically unchanged, this did not affect the filter regenera-
tion modes. 
4. Conclusions 
In this study, the SCS iron oxide modified refractory chamotte 
granules were studied as potential catalytic materials for deironing of 
natural underground water. It was shown, (1) the SCS method is 
applicable for use for the creation of surface adsorbed layers of modifiers 
on RC granules; (2) the synthetic iron nitrate, obtained from iron- 
containing sediments could be successfully used for RC modification 
by the SCS approach; (3) the modification enhances surface character-
istics of RC granules and influences their operation characteristics in a 
way, that does not require a change of filtration and filter washing re-
gimes of a filtration line; (4) the modification of the surface of RC 
granules increases the efficiency of water deironing on 45–78% 
depending on modifiers concentration; (5) modified RC granules could 
be effectively used as an alternative to anthracite and carbon grains for 
purification water on the condition of thicker filtrating layers or the 
same filtration load but for deironing of water with a lower Fe(II) 
concentration. 
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